Objective To estimate the shortage of mental health professionals in low-and middle-income countries (LMICs).
Introduction
Mental, neurological, and substance abuse disorders account for an increasing proportion of the global burden of disease. The World Health Organization (WHO) attributes to these disorders 14% of all of the world's premature deaths and years lived with disability. 1 In addition to imposing high costs on the health system, mental and neurological disorders and substance abuse also lead to lost worker productivity, impaired functioning, personal stigma, caregiver burden on family members, and, in some instances, to human rights violations. [2] [3] [4] Although several cost-effective strategies reportedly reduce the disability associated with mental and neurological disorders and substance abuse, [5] [6] [7] [8] the fraction of those affected who receive appropriate treatment remains disturbingly low. 9 This treatment gap appears especially wide in countries classified as low-or middle-income by
The World Bank, where around 85% of the world's population resides. In such countries, treatment rates for these disorders are suboptimal and range from 35% to 50%. [9] [10] [11] Researchers, policymakers and international agencies have issued calls for lowand middle-income countries (LMICs) to scale up the mental health components of their health systems. [12] [13] [14] To accomplish this, they need to increase their workforces, 14 particularly the number of trained professionals who can provide good mental health services. Although primary health-care professionals can provide the bulk of care, mental health professionals, namely psychiatrists, nurses and experts in psychosocial health, are needed to manage those patients who are referred for specialized care and to deliver training, support and supervision to non-specialists. Without these mental health professionals, LMICs will not have enough human resources to meet their populations' mental health treatment requirements. 15 The lack of reliable data on mental health systems in LMICs greatly hinders workforce planning efforts. Almost one-fourth of the world's LMICs have no system for reporting basic mental health information. 16 Even among LMICs that have such a system, many suffer from lack of accountability in reporting or from the inability to measure workforce capacity. Without information of this kind, countries cannot assess the scope Publication: Bulletin of the World Health Organization; Type: Research Article ID: BLT.10.082784
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and magnitude of the gap between the number of mental health workers needed and the number that is available.
We aim to provide health planners, policy researchers and government officials with country-specific estimates of the human resources that are required in the area of mental health to adequately care for the population in need of mental health care. We have focused on eight priority problems as defined by WHO: depression, schizophrenia, psychoses other than schizophrenia, suicide, epilepsy, dementia, disorders related to the use of alcohol and illicit drugs, and paediatric mental disorders (conduct or behavioural, intellectual and emotional disorders of childhood).
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For each of these disorders we 
Methods

Current mental health workforce
To assess the size of the current workforce devoted to mental health care in the study countries, we retrieved data from WHO-AIMS, an assessment tool designed for LMICs that provides a comprehensive summary of each country's mental health system. WHO-AIMS, described in detail by Saxena et al., 18 includes 155 indicators covering six domains: policy and legislative framework, mental health services, mental health in primary care, human resources, public education and monitoring and research. We retrieved workforce data from the human resources domain, where LMICs were asked to report the "number of staff working in or for mental health facilities or private practice". 19 Respondents provided a count of professionals of various types, whom we grouped into three broad professional categories: psychiatrists, nurses and psychosocial care providers. Nurses included general nursing staff providing mental health services and psychiatric nurses; psychosocial workers included psychologists, social workers and occupational therapists. Our rationale for grouping these categories together was that in LMICs these professionals often carry out the same range of tasks. They have all ability to collect the required information and their willingness to participate in the study, so in essence they represented a convenience sample. For brevity, we shall refer to all these entities as countries throughout the paper, but they are not all countries strictly speaking. We note, however, that two assessments that were performed at the regional level (i.e. Hunan, China, and Uttarakhand, India) were not extrapolated to the respective countries as a whole and therefore should not be considered nationally representative.
Needs-based mental health workforce targets
In its 2008 report, WHO's Mental health Gap Action Programme (mhGAP) specified eight problems that LMICs should prioritize, since they account for 75% of the global burden of mental and neurological conditions and substance abuse disorders. They are depression, schizophrenia, psychoses other than schizophrenia, suicide, epilepsy, dementia, the abuse of alcohol and use of illicit drugs, and paediatric mental disorders.
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To meet the priority definition, the condition must impose substantial disability, morbidity or mortality, lead to high economic expenditure or be associated with violations of human rights. The mhGAP report contains the best available scientific and epidemiological evidence surrounding mental, neurological and substance abuse disorders, and the ones prioritized by WHO have been common wherever prevalence has been measured. Moreover, the disorders that are prioritized are those that substantially undermine childrens' learning skills and adults' ability to function within the family and in broader society. Because these conditions are highly prevalent and cause impairment, they contribute substantially to the total burden of disease. We refer the reader to the mhGAP report for more information.
We used population-based estimates of the prevalence of these disorders to make needs-based estimates of workforce requirements. We then applied to this target population the recommended health-care service delivery models and multiplied appropriate staffing ratios (both adapted from Chisholm et al.) 6 to the expected volume of inpatient and outpatient services to yield target counts of psychiatrists, nurses and psychosocial care providers. Our focus on these workers led us to exclude all health professionals outside the sphere of mental health (e.g. paediatricians and educational system support staff) and of workers in "mixed practice". In addition, we did not include neurologists in the workforce analysis, as primary care professionals in LMICs where resources are scarce are increasingly expected to diagnose and treat epilepsy. 
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To calculate the approximate prevalence of suicidal ideation, we multiplied the GBD rate of deaths form suicide by a factor of 20, which is the estimated number of suicidal ideations per suicide.
24,25 Table 1 shows the mean prevalence of each of the eight priority mhGAP conditions in the six WHO regions. We classified illicit substance abuse disorders and paediatric mental disorders into sub-categories having distinct requirements in terms of care and human resource levels. We multiplied the estimated prevalence in all the age groups affected by each disorder to estimate the actual numbers implicated in each country. This calculation yielded the total number of cases meeting the definition given in the ICD-10 classification of mental and behavioural disorders (Table 1) .
25-32
Treatment coverage targets Target treatment coverage rates for each disorder were determined on the basis of three factors: the severity of the disorder, the ability to detect cases in the population and the probability that identified cases will seek care. Based on these considerations and consistent with estimates from the literature, 6 we established the following conservative Publication: Bulletin of the World Health Organization; Type: Research Article ID: BLT.10.082784
Page 6 of 22 target coverage rates: 80% for schizophrenia, suicidal ideation, epilepsy, and dementia; 50% for use of opioids and other illicit drugs; 33% for depression; 25% for alcohol abuse; and 20% for paediatric mental disorders. We assigned a high treatment coverage target to schizophrenia because of the large disability burden attached to it and the intensity of the symptoms. In contrast, we set a treatment coverage target of 20% for paediatric mental disorders since it is the coverage level normally attained in the wealthiest high-income countries.
23,33,34
Service delivery models The next step was to apply intervention and service delivery models to each of the eight priority disorders. 6 The models were based on the results of WHO sub-regional costeffectiveness studies [35] [36] [37] [38] and of international needs assessment research in developing countries. 6, 39, 40 The assumption underlying the models was that most cases receive treatment at the primary care level and that patients with more severe or complex disorders are referred to specialists.
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The frequency with which people affected by the mental, neurological and substance abuse disorders included in this study require inpatient and outpatient services varies considerably. Table 2 displays the target service delivery models for each disorder. The treatment models were constructed on the basis of (i) the percentage of cases needing care in each service setting; (ii) the average annual number of health-care visits per person and (iii) whether or not the inpatient or outpatient visits required a bed. Screening and diagnostic services, which all three types of professionals included in this study are increasingly expected to perform in LMICs, were included under the "outpatient and day care" setting. We calculated health service needs separately for each disorder and added the values to obtain an aggregate estimate.
Mental health workforce staffing
For both the outpatient and inpatient settings we derived the total number of full-time- psychiatrists, nurses and psychosocial care providers, we applied staffing ratios to the estimates of full-time-equivalent staff to obtain target numbers of each of these professionals. 6 The staffing ratios used, fully presented in a table in Chisholm et al., 6 were specific for each disorder, treatment setting (e.g. hospital outpatient) and World
Bank country income classification.
To estimate the full-time-equivalent staff required to meet inpatient service targets, we used estimated bed-days as the starting input. We assumed that hospitals operate at 85% capacity and applied this correction factor to obtain the targeted number of inpatient beds. To calculate the number of full-time-equivalent inpatient staff needed to manage the population affected by each disorder, we multiplied staff:bed ratios for
LMICs extracted from the literature 6, 41, 42 by the targeted number of inpatient beds.
Workforce shortage or surplus
We summed the needs-based inpatient and outpatient full-time-equivalent staff to arrive at a single targeted total, which we then subtracted from the current staffing levels given in WHO-AIMS. The difference reflects the magnitude of the global mental health workforce shortage (if a negative value) or surplus (if a positive value).
Results
Current and target staffing levels for mental health professionals vary widely both across and within WHO regions (Table 3, available per 100 000 population in low-income countries.
The column labelled "difference" in Table 3 We conducted a series of sensitivity analyses to determine how the shortage/surplus for each of the 58 LMICs responded to changes in three key inputs:
target treatment coverage level, rates of inpatient and outpatient service utilization and daily case workload (Fig. 2) . A reduction in target treatment coverage rates affected workforce estimates more than changes in service utilization rates or in workload capacity. When target treatment coverage for all disorders was substantially reduced, the mean workforce gap dropped from 11 to 4 additional mental health professionals per 100 000 population. In contrast, changes in workforce efficiency (raising or lowering outpatient consultation capacity by 20%) did not substantially alter the shortage estimates from baseline levels (see efficiency scenarios 1 and 2). Of the countries classified as lowincome, only one showed a workforce surplus in at least one of the six scenarios; 43 of the 58 LMICs (74%) showed a workforce shortage in all scenarios.
Discussion
We have capitalized on current workforce estimates to provide the first in-depth evaluation of mental health staffing shortages in LMICs. Our needs-based analysis of 58 such countries has revealed substantial deficits in the mental health workforce. All of the low-income countries and 59% of the middle-income countries included in this study experience a needs-based shortage, which points to an inability to provide appropriate care to their populations afflicted with mental, neurological and substance use disorders.
Overall, LMICs would need to increase their workforces by an estimated 239 000 fulltime-equivalent staff (psychiatrists, nurses and psychosocial care providers) to satisfactorily address the current burden of priority disorders.
For over 30 years, international organizations have been recommending that countries increase their mental health workforce, and WHO's call for a scale-up in the mhGAP report makes the task all the more urgent.
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. 14, 45 Unfortunately, progress in achieving parity in the workforce for the care of physical and mental ailments has been slow, perhaps owing to the absence of clear, quantitative benchmarks to guide the prudent allocation of human resources in mental health. 18, 46 Our report attempts to fill this void. We provide government officials and health-care planners with quantitative estimates that will help them to "scale up" the human resources required to meet the mental health care needs of their populations.
The reader should view our estimates in light of several limitations. First, although we used the best available epidemiologic data to define needs-based treatment levels, many LMICs do not report population-based prevalence, particularly for paediatric disorders. For this reason we applied to these disorders conservative prevalence and treatment coverage levels. Second, our target service delivery models rest on the assumption that implementation, operational structure and efficiency are identical across LMICs. These limitations imply that the estimates we provide represent approximate, rather than definitive, benchmarks for human resources. The reader, moreover, should view the sensitivity analyses we performed as indicative of the variability of our estimates.
We focused on the eight disorders prioritized by WHO's mhGAP to the exclusion of other conditions (e.g. personality disorders) that comprise about 25% of the burden of Publication: Bulletin of the World Health Organization; Type: Research Article ID: BLT.10.082784
Page 10 of 22 all mental, neurological and substance use disorders in LMICs. 17 In addition, our target treatment coverage levels for these priority disorders may be viewed as suboptimal by some policymakers. It is therefore conceivable that results underestimate mental health workforce shortages.
To assess workforce shortages we had to make several assumptions. For example,
we assumed that within a given country, staff surpluses in one specialty area did not offset shortages in another. This in turn rests on the assumption that different specialties have different training requirements that preclude the transferability of staff across professional boundaries. However, some governments may choose to employ specific management mechanisms and incentives to facilitate task-shifting across professions, while others may incentivize team work at the community level as part of the strategy to scale up primary health care. 47, 48 Given the challenges involved, we encourage government officials to work with WHO and other partners in tailoring our general workforce model to the mental health systems of their particular countries. Other circumstances unique to each country, such as the high prevalence of a condition not specified among the eight mhGAP priority disorders, can also compel governments to seek technical cooperation. Countries interested in carrying out their own mental health workforce needs assessment should refer to the step-by-step WHO guide Planning and budgeting to deliver services for mental health.
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Our findings should encourage subsequent analyses to determine not only the human resource levels required for mental health but also the proper workforce skill mix.
Various strategies may optimize efficiency of the existing workforce: shared competencies, substitution between health professions, and multiple tasks performed by a particular category of providers. In addition, task-shifting, which rationally redistributes tasks among teams, may usefully compensate for shortages of specialist mental health professionals.
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The success of these strategies depends on strong, well coordinated management mechanisms and incentives. We encourage future evaluation of these approaches.
The workforce represents one key component of the mental health system. However, to address the three main shortcomings of mental health care in most LMICsPublication: Bulletin of the World Health Organization; Type: Research Article ID: BLT.10.082784 scarcity, inequity, and inefficiency-governments will need a comprehensive approach. 15, 16, 51 The success of such a strategy will require, at the very minimum, allocation of health budgets towards MNS disorders, investment to recruit and train a mental health workforce, and a concerted effort to destigmatize MNS disorders. 0  28  15  28  2  14  2  14  5  5  0  0  2  5  0  0  0  0  2  2.7  0  0  2  14  General  hospital  inpatient unit  ------------0  0  10  8  10 f Efficiency 2: increase daily outpatient consultation capacity by 20%.
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